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CHOICE OF FREQUENCY FOR VERY LONG LINES.

BY P. M. LINCOLN.

Although other frequencies are in use in this country, there are
only two which by the extent of their use can be called standard,
viz.: 60 and 25 cycles per second. Without discussing the rela-
tive merits of other frequencies, the question now presented is,
which is the better frequency for a very long line, 60 or 25 cycles
per second, considered purely as a transmission problem.

In the present state of the art, 200 miles may be considered ag
very long for a transmission line. Although longer ones have
been proposed, only one of this length has been put into actual
operation and no other line approaches this length. The reason-
ing which follows will, therefore, be made to apply to a typical
line 200 miles long.
-Frequency has a direct bearing upon voltage regulation and

charging current and its influence on a possible condition of
resonance may also be profitably discussed.

1st. Voltage Rcgul tion.-The difference between the voltage
at the transmitting and the receiving stations, termed the
"drop," is dependent upon several elements, among which are
the resistance and the inductance of the circuit. The volts for
overcoming the resistance are the same as would be required for
sending a direct current equal to the normal alternating current
through the line, if it be short-circuited at the receiving end.
The volts for overcoming the inductance at any frequency are
measured by the pressure which would be required for sending
the alternating current at that frequency through the short
circuited line, if the ohmic resistance were negligible. The
inductance volts are directly proportional to the frequency.
The difference in voltage between the transmitting and receiv-
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ing stations, or the " drop," is a function of the resistance volts,
the inductance volts and the power factor of the load.

Consideration of voltage regulation at the receiving end limits,
according to best practice, the resistance volts in a transmission
lime to about 15 per cent. as a maximum and the same con-
sideration should keep the inductance volts within a maximium
of 20 per cent. This will mean a line regulation of about 24 per
cent. with a load power factor of 85 per celt. Best economy
may reduce the resistance element below the maximum given.
The resistance volts may be reduced to any given amount
by the addition of copper, while inductance volts are little
affected by increasing the size of wire. An increase in size of
conductor which will reduce resistance volts by one-half will
reduce inductance volts only about 5 per cent. The matter of
inductance volts, therefore, constitutes a limit to the amount of
power that can be delivered over a single line. This considera-
tion will limit the amounts of power which can be delivered by a
three-phase line 200 miles long to approximately the following:
TABLE SHOWING LIMITS OF TRANSMISSION LINE CAPACITIES.

Voltage at Power Delivered with 20% Inductance Volts.
Receiving End.

200 Mile, 3-Phase Line. 60 Cycles. 25 Cycles.
20,000 Volts 500 k.w. 1,250 k.w.
30,000 " 1,125 " 2,800
40,000 " 2,000 " 5,000
50,000 " 3,125 " 7,800
60,000 " 4,500 " 11,250
80,000 " 8,000 " 20,000

For longer or shorter lines the k.w. in tl7e above table may be
decreased or increased in direct proportion.

If the amrount of power to be transmitted is large, the multi-
plication of lines necessary at 60 cycles unduly increases expense
both of pole lines and of right, of way for same. This point is
evidently in favor of the lower frequency.
e2d. Charging Current. -Charging current is, of course, a

direct function of frequency and voltage and to a slight extent
of line construction. At 60 cycles the apparent energy repre-
sented by the charging current in a 200-mile three-phase line is
practically equal to the ultimate capacity of that line as limited
by the 20 per cent. inductance volts consideration. At 25
cycles it is only about 15 per cent. of the ultimate capacity as
Iimited by the same consideration. In a 60-cycle installation,
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therefore, it is necessary either to operate the generators on such
a line at about full current output all the time, no matter what
the load, or to compensate for the charging current in part or in
whole by the installation of choke coils, either horn of whiclh
dilemma is not pleasanit to consider. The problem of taking,
care of the charging current at 25 cycles does not enter the dis-
cussion as compared with 60 cycles.
The effect of a large charging current on the regulation of the

generator should also be considered. As is well known, a line
charging current, when circulating in a generator armature, has
the effect of assisting the field ampere turns to magnetize the
fields. The percentage of magnetizing done by this charging
current depends upon its amount and the inherent regulation of
the generator. Since the charging current depends upon the
voltage, the generator exciting power of the charging current also
depends upon the voltage. The effect of sudden load changes,
therefore, which tend to change the voltage delivered, will in
-turn affect this element of the excitation. That is, to a certain
extent, the ge-nerator assumes the regulation which inherently
belongs to a d.c. shunt generator. The effect of large charging
currents on generator regulation is, therefore, not toward an
improvement.

3d. Resonance.-As is well known, every combination of a
condenser and choke coil in series has a natural period of oscilla-
tion, whose value depends upon the square root of the product
of the condenser capacity by the choke coil inductance. If a
frequency of its natural period be applied to such a combination,
resonance will occur. That is, a small exciting force of the proper
frequency will cause comparatively large currents to circulate
between the condenser and the choke coil and therefore com-
paratively large voltages across both the condenser and choke
coil. This is an example of resonance in its simnplest form.
A transmission line possesses both capacity and inductance,

and therefore the possibility of becoming resonant under cer-
tain conditions. The fact that both the capacity and induct-
ance of a transmission line are distributed throughout its entire
length, and the disturbing effect of concentrated inductances and
capacities at transmitting and receiving stations, makes the
problemi- of determining under what conditions resonance will
occur an extremely intricate one. A first approximation may be
obtained, however, by assuming that the inductance and capacity
of a line are concentrated instead of distributed, and omitting the
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effects of translating devices. Under this assumption, we may
consider that the capacity of a distant portion of the line is in
series with the inductance of the intermediate portion.
The natural period, that is, the applied frequency at which

resonance will occur between the parts of a transmission line,
will be a minimum when the two parts are equal, or each is equal
to one-half the total line. The number of natural periods above
this irLinimum is infinite, since it is possible to divide the line
into two parts, the inductance of one of which multiplied by the
capacity of the other may be any quantity less than that ob-
tained by dividing the line into two equal parts.
The minimum period of a 200-mile line is approximately 200

cycles per second. There is, of course, no danger that the
fundamental applied frequency will produce resonance until the
length of line largely exceeds 200 miles, but the same cannot be
said of some of the harmonics if they are sufficiently prominent.
The lower the fundame'ntal frequency, the less is the danger from
this source. So far as the writer is aware, no actual trouble has
ever been experienced in existing plants from this source even on
the longest lines and highest frequencies in use, but it neverthe-
less constitutes an advantage for 25 over 60 cycles that cannot
be dismissed with a scoff.

It is a fact that the longest transmission line in the world-the
Bay Counties line in California-as well as the highest voltage
line-the Missouri River Power Company in Montana-are both
operating at 60 cycles. These facts, however, do not detract
from the force of the preceding reasoning.

It is not claimed that this discussion contains all of the argu-
ments pro or con. The bringing out of additional points as well
as the soundness of those presented, is left to the discussion
which it is hoped the above will provoke.


